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Abstract   
TheNetworkedDigitalLibraryofThesesandDissertationsaiJTIStOenhancelearnlngby  
enabliTlgauthol・SOfthesedocumentstocreatethemelectronica‖yanduploadthemdirectly  
intoawor）dwidefbderateddigitallibl・ary，WheresuitableaccesscontroIsareenforced・This  
PrqJeCtCanbeviewedasrepresentativeofdigita11ibraryeffbrts，andiseasilyunderstoodby  
employlngtheり5SFrameworkHthathasbeendevelopedtodescribeinformationsysternS・  
Scenariosforthekeyusergroupsillustratehowtheprq］eCtOPerateS，PrOVidingafoundation  
forcollaborationamonguniversities－SuPPOrtedbyLinnovativetechnology－thataddressesa  
numberofimportantresearchproblems．   
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1．Introduction   
AsofJune1999，theNetworkedDigitalLibraryofThesesandDisseIlations，NDLTD【l－4］，  
includes62universitiesandotherinterestedpartiesworkingtoerThanceeducationand  
research・Universitiesfromaroundtheglobe，alongwithanumberofsupportinglnStitutions  
（e．g．，theCoalitionforNetworkedInforrnationandUNESCO），enCOurageStudentstoprepare  
theses（undergraduateorgraduate）anddissertationselectronically，Submitthemintoadigital  
library［5］，andfacilitateaccessbyotherstudentsandresearchers．Itishopedthatthis  
ftderatedinitiativewillspreadtoevel・yCOuntryanduniverslty，enSu11ngthatthenext  
generationofscholarsispreparedtocreateexpressiveelectronicdocuments，andabletowork  
Withwor7dwidedigita‖ibrariesr6］．   
1．1DigitalLibraryCaseStudy   
NDLTDencompassesallofthekeyaspectsofdigitallibraryefforts・Itisaprq］eCt，witha  
homepage（http：〟www．ndltd・Org），andagoverningbody（i．e・，aSteeringCommittee）that  
meetsinWashington，D・C・tWiceannua11y，nearthemiddleofAprilandnearthemiddleof  
September・Itincludesasitscollectionallofthebibliographicrecords，metadata，documents，  
andrelatedworksmadeavailablebyitsmembersorothersupporters・Thefbcusofthe  
COllectionisonthesesanddissertations，butreportsandotherdocumentsarealsowelcoTne；  
NDLTDmaygraduallybroadentoincludearicherdiversltyOfcontentasitevoIvesintoa  
NetworkedUniversityDigitalLibrary（NUDL）．Thecollectioncanbeaccessedthrough  
browslngandfederatedsearchingmechanismsfromhttp：〟www・theses・OrgaSWe11asthrough  
avarietyofconnectionstorepositoriesrunbyindividualmembersorgroupsofrnembers・  
Studentswishingtolearnhowtocreateelectronicthesesanddissertations（ETDs【7，8】）can  
benefitfromatrainingsiterichintutorialsandmultimediaexplanations（http：〟etd・Vt・edu）・  
Theyareencouragedtousestandards（e．g．，SGML，XML，PDF，MPEG，JPEG）inorderto  
facilitatepreservation・   
1．2ViewrromtheMay19！柑Workshop  
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AIsoassociatedwithNDLTDisanannualworkshop・Thefirstoccurl・edinthesummerof  
1998inMemphis（TN）whilethesecondwasinMay1999atVirginiaTech（Blacksburg，  
VA），Withseventyattendees．Aworkshopcommitteeisreviewingseveralproposalsforthe  
2000eventasltPrOCeedstoselectanothersuitablevenue・   
SomeoftheattendeeshadbeeninvoIvedinNDLTDsinceearly1996・Then，fundingbythe  
SoutheasternUniversityResearchAssociation（SURA）allowedregionalexpansion，Which  
Slightlypl－eCededtheU．S．DepartmentofEducationsupportofanationa］prqJeCtin  
Septembel・1996．AIsoattendingthemeetlngWererePreSentativesofseveralCanadian  
universities，WhichbeganJOinlngln1997，reflectlngtheprogressthatmovedtheinitiative  
fromanationaltoaninternationalenterpI・ise（Withnationaleffortsbeginningthatyearin  
AustraliaandGermany）．   
AttheworkshopmembersdecidedtocalTyforwardtheprq］eCtthroughaseriesof  
COmmittees，eaChchargedwithaddresslngkeyconcernsofthegroup：  
● WOrkshopplanning（toselectavenueandassembleaconferencecommittee），  
● training（toensurethatmaterialsarepreparedindifferentlanguagesforstudentsand   
trainers），  
● Standards（toidentifyanddocumentstandardsfacilitatingpreservation，thatareeasily   
usable），  
● Publisherrelations（toensurethatpublishersunderstandandsupporttheinitiative），  
● SOftware（toenhanceautomation，browsing，SearChing，andinformationexchange），and  
● Statisticsandreporting（todocumentprogressanddetermineeffectsonlearningand   
research）．   
Attendeessharedtheirexperiencesandsolutions・Manylearnedofnewapproachesto  
difficultproblemstheyhadfaced，andallleftencouragedtopushforwardattheirhome  
institution・SomedecidedtoJOinNDLTD，andbeglnPilotefforts・Anumberdecidedtoshift  
fromapi】otefforttoallowallinterestedstudentstosubrnittheirtheseselectronically．Others  
decidedtosetadatewhenceallstudentswouldberequiredtosubmitanelectronicthesisor  
dissertation（ETD）・Thoughthesesuccessivestagesdemonstrateincreasinglevelsof  
COmmitment，theysimplifythesituationaccordingly，Sinceitiseasiertohandlealltheses  
electronicallythantohavea1lormostsubmissionsonpaper・VirglniaTechandWest  
VirglniaUniverslty，thefirsttwoinstitutionstorequlreETDs，eXPlainedthesmooth  
PrOCeduresinplace・StatisticsontherapidlygrowlngnumberofaccessestotheVirglnia  
TechcollectionsindicatedthestrongdemandforETDsfromaroundtheworld，enCOuraglng  
Otherunivel●Sitiestomakeavailabletotheirownstudentsthisvehiclefordisseminatlng  
SCholarlyfindings・Finally，attendinguniversitiesagreedtoworktogethertoensurethe  
COntinulngeXPanSionofNDLTDandtheenhancementoftheservicesltPrOVides．   
1．35SFramework   
AttheheartofNDLTDistheaimofenhanclnggraduateeducationthroughtheapplicationof  
electronicpublishinganddigitallibl・aryteChnologleS．Accordingly，Wehavedevelopeda  
descrlPtlVefl・amewol嶋kencompasslngthesetechnologleS－5S～reftrrlngtOSocieties，  
Scenarios・Spaces，Structures，andStreams・Wearguethatthisframeworknotonlyhelps  
Withthedesignanddevelopmentofdigita＝ibraries，butalsoshouldhelpstudentsmoreeasily  
understandnewrelatedtechnologleS・  
ー 4 －   
5Sisparticu）arlyorientedtodescribeinformationsystems・Weviewdigita11ibrariesashigh－  
endor“super”informationsystelT－Sthatintegrateawidevarietyofmorespecialized  
technologleS，andsobenefitstronglyfromsuchapowerfulframework・Advanced  
informationsysternsofteninvoIvemultimediainformationanddistributedprocesslng、bothof  
WhichrequlreSPeCialsupportforStreams・Variousapproachestoinformationorganization－  
Whetherinco11ections，uSlngdatabases，SuPPOrtedbyindicesasingeographicinformLltion  
SyStemS，throughgraphs（asinhyperteXt），OraSCOmPlexo叫ectsqinvoIvesuitableStruCtureS・  
Scientificvisualization，Virtualrealitysimulations，VeCtOrSPaCeOrPrObabilisticorconceptual  
SearChing，and2Dor3Dgraphicsinterfacesa11rnakeuseofSpaces．Sincedigitallibl●aries  
Pl・OVidearangeofservices，SuPPOrtlngVarioustypesofinformationneedsintailoredfashion†  
andilreOftendesignedbasedonstory－1ikedescrlptlOnSOfinteractions，theuseofSce一一ill・iosis  
ParticularlylmPOrtant・Fina11y，Sincedigita11ibrariesal－ebuilttoserveparticulartargetusers  
Ol、uSerCOmmunities，itisessentialthattheSocietiesinvo）vedbecarefullystudied（i・e・，We  
extendourearlier4Smodel［9］byaddingsocieties）．   
Buildingonthisfrarnework，WediscussotheraspectsofNDLTDinthispaper・Thenext  
SeCtionexplainsrnOreaboutNDLTDbydescribingrepresentativeScenariosforvarious  
SocietiesinvoIved．Section3broadensthefocustoconsiderco11aborationattheinternational  
level．Section4detailssomeoftheunderlyingtechnologydeveloped．Section5explains  
Cha11engesstillfaced，WhileSection6concludesthepaper．   
2．Scenarios   
AsexplainedinSectionl．3，digita11ibraryservicescanbeexplainedthroughScenariosfor  
eachoftheSocietiesinvoIved．Wediscussthemostimportantscenariosinthefollowlng  
Subsections．Mostarefeasibleorcouldbesupportedwithamoderateamountofwork・   
2．1ScenariosfbrUsers   
Thelargestpotentialcommunltyl・elatedtoNDLTDisthatofusersofthegrowlngCOllection・  
During1998，aboutthirty－SeVenthousanddifferentsitesaccessedVirglniaTechETDs・Once  
areallylargeandcomprehensivecollectionemergesastheresultofscoresofuniversities  
eachcontributinghundredsorthousandsofworksperyear，WeeXpeCtthatthebaseofusers  
Willnumberinthemillions．Thiswillincludethehundredsofthousandsofstudentsengaged  
ingraduateworkandthemi11ionsofscholarsengagedinresearchinvestlgationsaroundthe  
globe．   
AgraduatestudentuserislikelytowishtofindworkstoguidepeI－SOnalresearch．Theuser  
rnayhaveatopICWellinmind，knowhowtosearch，andwishtomakesurethattheproblem  
SelectedhasnotalreadybeensoIvedbyanother．ThissituationrequlreSaCOmPrehensive  
SearCh，SOmeWhatsimilartothosecal）edforinlegalcases．Insuchsituationsthecostof  
missingarelevantdocumentcanbeextraordinarilyhigh（e．g■，turningyearsofworkintoa  
SPuriouseffort）．   
Anothel‘SCenarioinvoIvesagraduatestudenthopingtoidentifyatopicforresearch・One  
SearChgoalmaybeasuitablesetofhighlyrelatedstudies，Wherethedetailedliterature  
reviewsandbibliographiesincludedcanserveasanintroductiontothetop－Calarea・After  
thesechaptersareread，thecorrespondingbibliographiesmayleaddirectlytoother  
interestlngWOrks．Alternative］y，neWerleadsmayemerge丘omacitationdatabasethatrnay  
bebuiltinsideNDLTD（Or，Perhaps，COnStruCtedjointlywiththeInstituteforScientific  
Informationbyextendingtheil．indexes）．  
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BuildingupontheannotationserverprototypedbyToddMillerearlyln1999，uSerSmay  
decidetoaddnotesinthe、丘汀mOfprlVateannOtationswhenevertheyreadsomethingln  
NDLTD．Thesewi11bestoredontheirlocalserver，SOWhenevertheuserconnectsto  
NDLTD，allpastannotationsbecomeavailable．Usingthese，anannOtatedbibliography  
COuldbeeasilyproduced，WhichmightbecorneaChapterinone’sownETD・   
Researchusersmaydesireanunlberofotherspecializedservices．Focusgroupdiscussions  
recordedbyToddMi＝erin1998suggestedseveral．Itwouldbehelpfu1tohaveaprogramto  
analyzeanETDandextract／generatefromitaglossaryofimportantterms・Itwouldbe  
usefu］totakeasrnallnurnberofliteraturereviewsandcompileanoverallsumrnaryforasub－  
field・Thismightindicatewhichrefbrenceswerecitedrepeatedly，andgrouptogetherthe  
Variedcommentsaroundeachsuchreference．Somewhatmol．edifficulttodevelopmightbe  
atoolthatwouldsummarizetheopenproblemsmentionedrepeatedlylnaSmallcol）ectionof  
ETDs，tOhelplnthesearchfbrgoodresearchtopICS．Manyotherservicesandscenarios  
mightbeofvalueforusersofNDLTD．Specializedonesmightaddresstheneedsof  
Particulartypesofusers，e・g．，teaChershoplngtOuSePartSOfadissertationinaclass  
PreSentation，OrChemistslookingfbrworksthatemployaparticulartypeofmethodology・   
2．2ScenariosfbranAuthor   
AttheheartoftheeducationalaspectofNDLTDisthenotionofstudentslearnlngbydoing・  
AstudentmaybemotivatedtolearnrnOreaboutelectronicpublishinganddigitallibrariesif  
thatlearnlnghelpsmakeone’sownthesisaccessibletoalargernumberofpotentialreaders．  
StudentsmaylearnmOreaboutmultimediatechnologleSifuslngthemallowsanETDtobe  
moreexpressive，POSSiblythroughmoreextensiveuseofimages，audio，and／orvideo．A  
StudentmaylearnagreatdealabouttheworldofpublishingthroughwrltlngtOaPublisher  
thatishandlingarelatedjournalsubmissiontoexplainthattheywanttheirETDto  
Sirnultaneouslybemadeworldaccessible，aShasalreadybeenendorsedbysuchpublishersas  
ACM，IEEE－CS，andEIsevier．Astudentmayunderstandaboutpreservationaftercreatlngan  
easytoanalyzeXMLveFSionoftheir巨TD，insteadofaWordversionthatmaybecome  
unusableinafewyears．   
MoststudentsrelatetoNDLTDthroughoneormoreofthreekeyscenarios．First，during  
theirresearch，theymaybeauserofNDLTD（SeeSection2．1above），Studyinginteresting  
resultsandperhapsfindingsomeusefulbibliographicreferencestosupportfurther  
investlgation．Second，theywillusetheNDLTDsubmissionsoftwaretouploadtheirETD，  
thusaddingtheirworkandreIatedmetadatatoNDTLD．Third，theyrnuStCOnneCtWiththe  
rightsandpermissionsaspectofNDLTD，fi11inglntheApprovalFol・mWiththeirfaculty  
COmmitteeandspecifyingtermsandconditionsofaccesstotheirwork・Finally，1tishoped  
thattheirETDmayleadotherstocontactthemtooffbremployment，aSkformoredetails，  
makesuggestionsonfutureresearch，OrSuggeStCO11aboration．   
2．3ScenariosfbrAuthor－ResearcherCollaboration   
SeveralteachersinSouthAmericahavecontactedthisauthoraboutamastersprq）eCtand  
reporthesupervisedthatglVeSadetailedtutorialontheAuthorWaresoftwarepackage，  
Suitableforuseincoursesonmultimedia．OnestudentinSouthAfricawascontactedbya  
researcherinBerkeleytosuggestcollaboration，basedonaccesstothestudent’sETD・Study  
OftheaccesslogsofoneVirginiaTechchemistrystudent，sETDindicatedthatwithinafew  
Weeksofsubmission，mOrethanadozendif托rentgroupsworkingonsimilartypesof  
investlgationhaddownloadedthatETD．  
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WhilethesecasesglVeSpeCificinstancesofbenefitfromETDs，itmaybemoreusefulto  
describegeneralscenariosrelatedtocollaboration・First，therearecaseswhereonestudent  
developsamethodorapproachthatcanbeappliedbyothers・Second，therearesituations  
WheretooIsordatasetsaredevelopedthatareapproprlateforre－uSe・Third，SOmeStudents  
maydeveloptheoriesthatothersmayapplyorvalidatethroughexperimentalinvestlgations・  
Fourth，OneStudent，scontributionmayleadtoanotherstudentfacingthechallengeto  
improveuponpr10rWOrk，bydeveloplngafasterormoreefficientsolution，POSSiblyatthe  
Sametimevalidatingearlierfindingsbyreplicatlngthern・   
Collaborationsoftenaresupportedbysharedartifacts，SuChasETDs・WithToddM川er’s  
annotationtool，anauthol・mayallowanothertoattachpublicannotationstotheirownETD，  
thusmakingthecommentsofco11aboratorstobecomeavailablewhenevertheabstl・aCtOfthe  
ETDisread・Inalesspublicsituation，neWCOllaboratorsmaydiscussanETDbysending  
COmmentSthroughemailorbycommunicatlnguSlngphone，facsimi1e，Orletters・IfanETD  
isrepresenteduslngPDF，COPleSOftheETDmaybeexchangedwithnotesattachedbytooIs  
likeAdobe，sAcrobatsoftware・InarlyCaSe，havlnglargenumbersofETDsavailablefor  
essentiallynocostshouldmakeitpossibleforscholarsinrernOtereg10nStOStudythesesthat  
Otherwisemighthavebeenoutofreach，andshouldmakeiteasierfortherntOCOntaCtthe  
authors，engaglnglnmentOrlngOrlearnlngaCtivities・   
2．4ScenariosfbrSupportingLibrarians   
LibrariansplaymanyrolesregardingNDLTD・OnceastudenthasaddedanETDtoalocal  
COllection，andithasbeensuitablyapproved，Onelibrarianmaycatalogthework・uSlng  
informationintheETDaswellasmetadataprovidedduringthecourseofsubmission・That  
librarianmay（Semi－autOmaticalIy）prepareaMARCrecordforthelocalcatalog・Inaddition，  
arecordmaybecreatedinalocaldatabasesystemtoallowsearchingofthefulトtextofthe  
ETDusingalocalsearchengine（e．g．，theOpenTextsystemusedatVirginiaTech，Or  
prototypeservicesdevelopedatVirglniaTechtouseOCLC，sSiteSearchsystemorIBM’s  
DigitalLibrary）．   
AnotherlibrarianmaylmPlementaccessrestrictionsrequestedbythestudent，SOthatpartor  
alloftheworkbecomesaccessibleonlytothelocalcampuscommunlty・Thatlibrarianmay  
Changetheaccesssituationlater，Perhapsshiftingfromcampustoworldaccess，aSmay  
happenWithachemistryworkthatrelatestoaJOurnalarticlejustpublishedbytheAmerican  
ChemicalSociety（Sincetheircopyrightpolicysupportssuchaschange）・   
Athirdlibrarian，Chargedwithhandlingpreservation，mayWOrkonthecollectionofETDs  
filedseveralyearsago．First，thelibrarianmaymovethedocumentstoanewercomputeror  
setofstoragedevices，SOthatonlineaccesscontinuestobesupported・Second，ifthereare  
SGMLfilesinvoIved，aPrOgramdevelopedatVirglniaTechmayberuntogenerateanew  
collectionofHTMLfiles，uSlngthemostrecentstandardversionoftheHTMLspecifications，  
sothisrenderingoftheETDcanbenefitfromthenewestWebtechnology・Finally，SOme  
COnVerSionsmayberunonmultimedianles，SOthatoldstandardformsglVeWaytOneWer，  
morewidelysupportedversions・Insuchcases，theoriginalsubmissionmaybeleft，SOuSerS  
CanSelecth・Omtheorlglnalauthoredformoranewrenderingthatiseasiertouse・   
Finally，OtherlibrariansmayhelpvariousETDusers・Reftrencelibrariansmayhelpstudents  
findinterest叩gETDs・OthersmayhelpstudentspreparlngtheirETDs，peH－aPSWhenuslng  
complexdevicessuchasaneditingsystemfordigitalvideo・Somelibrariansmayengagein  
trainlngSeSSions，SuChasoccursintheperiodicworkshopsrunSOStudentscanlearnrnore  
abouttheETDrequlrement・Asmallernumberoflibrariansmaysupportadvancedstudents  
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Whodesirespecializedtrainingregardingrnultimediainformationorrnarkuplanguages（e・g・，  
SGML，XML）．   
2．5ScenariosfbrGraduateEducation   
InsorneCaSeS，theGraduateSchoolonacarnPuSmayrunthetrainlngWOrkshopsinsteadof，  
Oralongwith，librarians・Theremaybeawalk－inserviceforstudentsunfamiliarwith  
PrOCedures，Whocome（inperson，OrVirtually）totheGraduateSchooltorequestassistance・   
Inmanycases，GraduateSchooIsareresponsibleforcheckingtheses，tObesurethatall  
CamPuSPOliciesareenfol－Ced・Inaddition，theymaywanttocheckforplaglarism，by  
SubmittlngOneETDandhavlngaSPeCialpl－Ogrammakesurethatitisnothighlysimilarto  
anyotherETD．   
OnceanETDisavailable，forcaseswhereastudentwishestohaveUMI（University  
MicrofilmsInternational，OfAnnArbor，Michigan）archivetheirworkandincludeanentryin  
theirDissertationAbstractsdatabase，theGraduateSchoolmaythennotifyUMI．Thismay  
invoIvereportlngthat：  
● adissertationhasbeenreceived；  
・aURNhasbeenasslgned，andispassedontoUMI；  
● fteshavebeenpaidforUMIservices，andwillbeforwardedaspartofabatchpayment；  
・aCOPyOftheformfilledinbythestudentwi11bemailed・   
OtherscenariosapplyregardingNDLTD・ItisencouragedthateachNDLTDmember  
determinewhatscenariosareapproprlateintheirsituation，Whatothersaredesirable，and  
WhichonestheymightdeveloplntOneWSerVicestobesharedwithotherNDLTDmembers・   
3．AnOpportunityfbrWorldwideUniversityCollaboration   
ManyofthescenariosdescribedinSection2explainwaysinwhichstudentsandreseal－Chers  
maycollaborateregardingtheirresearch．Otherscenariosindicatehowlibrariansand  
graduateschooIstaffmayworkwithstudentsandinterestedpartiestoaddorutilizeETDs・  
ThefollowlngSubsectionsextendthisdiscussionandfocusitonuniverslty－universlty  
COllaboration．   
3．1LackofExposuretoResearChAbroad   
Today，OutSideoftheactivitiesrelatedtoNDLTD，thereisverylittleexposureofstudents  
andresearcherstothegraduateresearchcarriedoutatotherinstitutions・Therearefour  
PrlnCIPalmechanismsforsuchexposuretodevelop・   
First，thereisthesharingofresearchsupportedbyUMI・Accordingtofiguresreportedby  
UMI’s employeeWilliamSavage，lessthansixty－thousandworksarereceivedbythemeach  
year．TheseaccountforalmostallofthedissertationsfromUSAandCanada，aSWellas  
almostallofthemastersthesesfromCanada．Figuresarenotavailabletothisauthor  
regardinghowmanycopleSOfDisse］1ationAbstractsaresold，OrhowmanycopleSOftheses  
Ordissel．tationsaresoldbyUMltointerestedpaI’tiesfromthestockofaboutl・5m川ion  
WOrksintheirarchive・Anestimatedupperboundmightbecomputedonthenumberof  
COPiessoId，though．Ifweassumethattotalincomeisabout＄10Mperyearandthatasingle  
COpyCOStS＄50，UMImightse11200，000copiesperyear．Thatismuchlessthanonesaleper  
thesisol・dissertationintheircollection，andnomorethanabout4accessesperyeartoeachof  
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thenewworkssubmittedoverthelastyear，ifallsaleswereconcentratedonthoseitems．  
LargernumbersofaccessesmayresultfronlneWUMIservices，includingfreeviewlngOf  
PartSOfdissel●tationsthatsince1997havebeenscannedandmadeavailableasPDFpage  
images（300dpi，blackandwhite，Capturedfrommicrofilm）．   
Second，thereissharingbasedoninterlibraryloan．RecordsatVirglniaTechindicatethat  
thisoccursatalowlevel・Circulationrecordsshowthatinthefirstsixyeal・Safterapaper  
thesiswassubmitted，itcirculatedabout2timesperyear．Dissertationscirculatedabout3  
timesperyearinthesameperiod・Sincemostuseislocal，Wemightassumethatanaverage  
thesisordissertationwouldbeloanedoutlessthanonceayear．   
Third，regardingaccesstointernationalresearchrrominsidetheU．S．，thereislittlereal  
SuPPOrt・Themainarrangementfbrthisprocessisthroughtheagreementsmadebythe  
CouncilofI．ibraryResources・TheirChicagofacilityhasabout750，000dissertations  
COllectedfromabroad，mOStlyfromEuropeanuniversities．HoweYer，theseareonlyavailable  
OnSite．Further，thel■eisnoelectronicorevencardcatalog，andthebooksareorganizedon  
Shelvesaccordingtosizeofbook，andthenalphabetical1yaccordingtoauthorname・It  
appearsthatthereislittleaccessfeasibleunderthesecircumstances・   
Fourth，therearevariousmethodsforsharingworksinlessformalfashions．Someauthorsare  
COntaCtedbyinterestedpartieswhodesireacopy．Inrecentyears，authorshavebeguntopost  
theirworksonWebsitesorindepartmentalrepositories．Somecountriescollectdissertations  
inanationallibraryorotherdepository，Whichcanbevisitedbyinterestedparties・While  
industriousresearchersmakeuseofallofthesemechanisms，itseemsunlikelythatmorethan  
SayOrleaCCeSSPeryearOnaVerageOCCurSaCrOSSuniversltyboundariesthroughsuch  
mechanisms．   
Insummary，WenOtethatU．S．dissertationsandCanadianthesesaremadeavailablethrough  
UMI，butonaverageareprobablyonlysoldinrelativelysmallnumberseachyeal・・Other  
thesesanddissertationshaveverylowcirculation，andparticularlylowre－uSeaCrOSS  
universltyboundal．ies．   
3．2SpreadofInterest   
IncontrasttothesituationsnotedinSection3．1，ETDsatVirglniaTech’ssiteare  
downloadedhundredsoftimeseachyear，OnaVerage・Thenurnberofsitesaccesslngthe  
COllectionhasincl・eaSedrapidlysince1996whenthecollectionfirstbecan－eaVailable・The  
1998figureondistinctIPaddresseswasabout37，000andthenumberofdownIoads  
numberedinthehundredsofthousands，foracollectionofunder2000works，Onaverage，  
thistranslatesintoatleastaten－fold，andrnaybeahundred－foldincreaseinaccessesrelative  
toothermechanisms・Inaddition，loganalysISregardingtheVirglniaTechco11ectionhas  
Shownrapidincreaseintheaccessesfromvariouscountries，OVerthelastthreeyears・   
InterestinNDLTDisalsorenectedbytheactivitiesatuniversitiesexposedtotheprq）eCt・At  
leastafewhundreduniversitieshaveheardoftheprq］eCt・VisitsanddiscussionsinvoIving  
theVirglniaTechteamalmostcertainlybringtooveronehundredthenumbel・Ofuniversities  
thateitheraremembersorhavesomeclearintel・eStinETDs．   
AsisthecaseinotherinitiativesinvoIvingdi肌ISionofinnovation・SPreadofinterestoccurs  
inaccordwithavarietyoffactors・TheVirglniaTechteamhastriedtomanagethisprocess  
uslnganumberofapproaches：  
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● COntaCtlnguniversitiesinthesoutheastoftheU．S・，SuPPOrtedbyearlyfundingfrom  
SURA；  
● Visitinguniversitiesthatamemberofthepr句ecttearnhasotherbusinesswith；  
● VISltlnguniversitiesthatrequestapresentationaboutNDTLD；  
● Offeringtovisituniversitiesthathavelargegraduateprograms；  
● COntaCtlnguniversitiesthathaveactiveinitiativesinthedigita‖ibraryarea；  
● COntaCtlnguniversitiesthatarewelトknown；  
● rePeatlngVisitswheninterestoropportunltymakesthatapproprlate；  
● VisltlngatleastoneuniversltylneaChcountrythatateammembertravelsto；  
● aSSistlnggrOuPSthatareinvoIvedinNDLTDuponrequest；  
● enCOuraglngnational，reg10nal，OrStategrOuPS，aSWeJlasotherconsortia，tO」01n；  
● CO－authoringorendorslngPrOPOSalssubmittedbyNDLTDmembers；  
● uSlngVideoconfbrenclngWheneverpossibletoreachremotesites；  
● OffbringtoglVePreSentationsatconftrencesandworkshopsthathavebroadattendance，   
ParticularlybymembersoftheGraduateSchool，Library，OrDigitalLibrarycornmunities．   
HundredsoftalkshavebeenglVen．Additionalpresentationsarescheduled．Othermembers  
OfNDLTDarealsoengagedinthisdisseminationprocess，Whichwehopewil11eadtoa  
numberofsitesbecomlngleadersintheirnationorreglOn．   
3．3Needsn）rJointWork   
AkeyareafbrJOlntWOrkinvoIveshelpingwiththespreadofNDLTD・Therearehundreds  
OfuniversitiesthatcanlearnaboutandjoinNDLTD．Currentmemberscanbenurturedto  
movetowardthestageofrequlrlngETDsubmission・Effortsinthisregardareprobablythe  
mostirnportantthatcanbeundertakentosupportNDLTD．   
OthersupportispossibletoprovidesuitableinfrastructureforNDLTD．OneaspectinvoIves  
theWebsitesdevelopedatVirglniaTech，Whichhavebeenadaptedatotherlocations・It  
WOuldbehelpfultostreamlinethisprocess，SOneWSitescanmorequicklycomeonlinewith  
theirWebpages・Inparticular，itwouldhelptohavetranslationsofthesiteintom叫Or  
languagesforthevariouscountriesinvoIved，Withsuitablesupportforcharactersets・   
PartoftheactivltyatanNDLTDsiteinvoIvesworkshops，Online，andone－On－Onetrainlng  
andassistanceforstudentswhowi11prepareanETD・SincestudentsuseabroaddiversltyOf  
SOftwarewhileprepannganETD，andsincenewversionsofthatsoftwarearrive  
COntinuous）y，ltisimportanttocontinuallyaddtoandupdatethetrainlngreSOurCeSdeveloped  
forNDLTD・Thiscaneasilybeundertakeninadistributedfashion，andwillbecoordinated  
bythenewcommitteebeingformedtofocusontrainlng．   
TheothercommitteesformedattheMay1999WorkshopalsoprovidepolntSOffocusfbr  
JOlntWOrk・Thusthereisneedtoidentifysuitablestandards，aSSistwithtrainlngaboutthem，  
locatetooIsthatfacilitateconversionfromproprletaryfbrmats・tOStandardforms，andfind  
mechanismstorender（e・g．，formatandtheneitherdisplayorprint）filesstoredusingthose  
Standards．   
Regardingsoftware，thereisneedtoidentifysoftwarethatcanbeusedatNDLTDsites，and  
toassistwiththeapplicationofittosupportNDLTDo叫ectives．Regardingstatisticsand  
reportlng，thereisneedtodevelopversionsofsurveysandotherdata－CO11ectioninstrurnentS  
thatwillworkinvariousnations，andwillallowfusionoffindingsacrosssites・Regarding  
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Publisherrelations，thereisarnpleopportunltyforadistributedapproachtoexplainNDLTD  
topublishersandtoenlisttheirsupport・InGermanythishasproceededwell，Withfive  
PrOftssionalsocieties（andpublishers）servingaspartnersintheirDissertationsOnlineeffort．  
IfeachuniversltyWeretOinvolveallfacultywhoareeditorsofjournalstoobtainsupport  
frompublishersforNDLTD，itwouldberelativelyeasytochangethecurrentsituation，in  
Whichmanystudentsareafraidtoallowworldwideaccessbecauseofconcernoverpublisher  
reactlOnS．   
OtheropportunitiesforJOintworkinvoIvecollaborationondeveloplngSuPPOrtlngteChnology  
andonundertakingappliedresearchtosupporttheinitiative．   
4. Supported by Technology 
TheVirglniaTechteamhasworkedonavarietyoftechnologleSthatcansupportNDLTD・  
WeexploresomeoftheseinthefollowlngSubsections・Othertechno】ogleSdevelopedare  
discussedin［4］．   
4．1PetaPlexm   
VirglniaT占6hhaspurchasedVT－PetaPlex－1，aSyStqmPrOducedbyKnowledgeSystems  
Incorporated・This”superstorage＝unithas2・5terabytesstoragecapaclty・WithlOO  
PrOCeSSOrS（eachaPentiumIIrunningat233MHz）rumingLinux，ithasroughly20  
glganOPSCOrnPutingcapabilityaswe11．VirglniaTechofftrstonewmernbersofNDLTD  
accesstothePetaPlexsystemfbrarchivingtheirETDs．   
4．2MARIAN   
Since1990，VirglniaTechhasbeendeveloplnglibrarysearchsoftwarecal）edMARIANthat  
hasevoIvedintoadigitallibrarysystem．Since1993［10】ithasservedasaresearchvehicle  
andalternativetothereguIarcampusonlinepublicaccesscatalog（OPAC），SuPPOrting  
SearChesagalnStOVeramillionMARCrecords．NumerousstudiesenhancedMARIANwith  
agraphicalfront－endaspartoftheENVISIONprqiect［11－21］．Withsupportfromthe  
NationalLibraryofMedicine，MARIANisbeingcopvertedtoJava［22］・ltsredesignhas  
fbcusedonscalability，flexibility，andrelia柚ity，SOltmaybecomeanimportanttoolto  
SuPPOrtNDLTD．   
4．3FederatedSearch   
VirglniaTechhostsafederatedsearchsitetha＝沼owsqueriestobesentinparalleltosomeor  
alloftheNDLTDsitesthathavesearchablecollections［草3］．Theunderlyingsoftware  
handlesresourcediscovery，multilingualquerytranslation，andframe－basedaccesstoeach  
SyStemCOntaCted・Siteswithanyofanurnberofsearchsystems，OraZ39・50interface，Can  
becontacted・ExtensionsareplannedtoaffordsupportforHarvest（inusebytheGerman  
DissertationOnlineprqject）andothersearchenglneS．   
Significantirnprovementscanbemadetothefederatedsearchsystem・OnekeylSSueishow  
tointegratethiswiththeDienstsoftwarefromCornellandtheNCSTRLprqJeCtthatmakes  
useofDienst［24】．   
4．4WorknowAutomation  
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TheLibrarytearnatVirglniaTechthathasbeeninvoIvedinNDLTDhasdeve10Pedand  
SuPPOrtSSOftwaretoallowstudentstouploadtheirworks・Thisworkflowmanagement  
SyStemalsohandlesaccessbytheGraduateSchoolandtheLibrary，1nCludingsupportfor  
Cataloging・ItrunSunderUNIX，eSPeCiallyonaSun，andusesMySQLdatabasesoftware．   
Manyothersiteshaveuploadedthissoftwareandadapteditforlocaluse・Somedetailed  
effortisneededtomakeitworkonotherplatformsandwithotherdatabasemanagement  
SyStemS．Thatcanbecarriedoutindistributedfashion．   
PlannedenhancementstobeundertakenatVirglniaTechinclude：  
● Standardizingonthemetadatatobeco11ected、fo1lowlngtheDublinCore，aCCOrdingtoa   
draftspecificationdeveloped11－ainlybyPaulMatherinfall1998；  
● makinguseofSGMLorXMLsubmissionstoextractneededmetadata，eliminatlngthe   
requlrementforauthorstoprovidethatthroughformsこ  
● COnVertlngdatacollectedintoafbrmsuitableforusewithOCLC’sSiteSearch；  
● COnVertlngdatacollectedintoaformsuitableforusewithIBMDigitalLibrary；  
● PrOVidingmapplngSOftwaretoproduceMARCrecordsfl・Omthemetadata；and  
●integratlngtheannotationsystemdevelopedbyToddMiller．   
5・ResearchChallenges   
NDLTD，1ikeotherdigitallibraryefforts，Canbenefitfromavarietyofresearchstudies・  
SorneinvoIvernovlngforwardthetechnologleSeXPlainedinSection4・Othersfallintothree  
maincategories，COVeredinthenextsubsections．   
5・1SupportingSocieties   
Fundamentally，NDLTDservesvariousSocieties，Whoseneedsarehighlightedinthe  
discussioninSection2・Theval・ioussocietiesrequlreSuPPOrtindeveloplngETDs，in  
Submittlngthem，andinaccesslngthefederatedcollections．Oursoftwareincludesadatabase  
managementsystemandscrlPtStOSuPPOrtSubmissionandworkflowmanagement・These  
alsosupportbrowslngands？PPOrtOfvarioususerinterfaceroutines．Ontheaccesssideare  
COmmerCialsearchenglneS，SuChasthosefromOpenText，OCLC，andIBMaswellasour  
ftderatedsearchsoftware．   
Abroadrangeofadditionalsoftwal、ehasbeendeveloped，nlOStlylnthefoIⅦOfspecialized  
tooIsandscrlPtS・NewmembersofNDLTDdownloadthissetaspartoftheprocessof  
developlngalocalsupportinfrastruCture・   
Extensiveadditiona）workisrequil・edtoconstruCtthemosteffectiveinterfaces，andtotailor  
interfacestothevarioustaskscarriedoutbyvarioususergI・OuPS・Avarietyofinterfaceshave  
beendevelopedandtested【4］，butadditionalworkisrequired．Themosteffbctivelong－term  
SOlutionappearStOfur［herextendMARIANtosupporta11desiredfunctions・   
5．之Preservation   
AkeyconcernformanywhohearaboutNDLTDandVirglniaTech，sdecisiontoonlyaccept  
electronicsubmissionisthatof10ngtel・mPreSerVation・WhileVirglniaTechLibrariesaccept  
responsibilityforprovidingaccessandpreservationservicestothelocalco11ection，afair  
amountofresearchisinvoIvedindigitalpl・eSerVationlOuraimistoexplorethistopICaS  
neededforNDLTDtobecomesuccessful・ThatnleanShavlngaClearapproach、Validatinglt  
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atVirglniaTechandotherinterestedplaces，anddeveloplnganeCOnOmicmodelwith  
accuratepredictivecapabilities．1trelatestotheselectionofstandardsandrelatedsoftware，  
Sincesuitablechoicesinthosearenascanradica11ychangethecostsinvoIved・   
Itw川becomemucheasiertoconvinceotherstomovetowardrequiring（Only）electronic  
SubmissiononcetherearesolidresultsregardingthechallenglngPrOblemofpreservation・   
5．3Education   
ViewlngNDLTDasaneducationaleffort，OneShouldfocusondemonstratlngitsbenefits  
regilrdinglearnlng．OurresearchinvoIvesvariousinstrunlentS乙1ndobservationsto  
delT－OnStratePrq7eCtSuCCeSS・Thel・eareObviouscountslikehowmanyuniversitieshllVe  
JOlnedNDLTD，howmanyETDsaresubmittedeachyear，andhowmanyuniversitiesarein  
eachofthephasesrelatedtoimplementationofNDLTDatalocalsite．Inaddition，We  
CValuateeachworkshop，COllectdatafromeachstudentinco叫unCtionwiththesubmission  
PrOCeSS，andgatherinformationfromallcooperatlnguSerSOfVirglniaTechsearchsoftware  
attheendofeachsession．   
WehopetocollectandrelatefindingsfrornSimi1ardatafron10thermembersofNDLTD．  
EvenhardermaybetodeterminehowNDLTDisusedforeachSocietylnVOIved．Weneed  
todetermineiftheco11ectionleadstoclassroomusebyinstruCtOrSand／orstudentaccess．We  
needtoascertaintheeffectofETDsonotherthesesanddissertations．Weneedtocollect  
dataonhowoftenETDsarecited，relativetoothergenre．Ultimatelyweseektodetermine  
WholearnsasaresultofNDLTD，how，andwhatcanbedonetoenhancelearnlng・   
6．Conclusion   
NDLTDisacomprehensivedigitallibraryprq）eCtinvoIvingoversixtymembersasofJune  
1999・WesurnmarizethreekeylSSueSinthefollowlngCOnCludingsubsections．   
6．1Needn）rMembers   
NDLTDhadgrownslgnificantly，butstillonlylnVOIvesasmallpercentageofthegraduate  
degreegrantlnglnStitutionsaroundtheworld．Othersshouldjoln，tOhelptheirstudents，tO  
ensurethatthenextgenerationofscholarsispreparedfortheInformationAge，andto  
facilitateuniversltyCOllaboration．   
6．2AchievlngCriticalMass ●  
NDLTDislikelytogrowrapidlyoncecriticalmassisachieved．Thatmeanshavlnglarge  
universitiesthatawardrnanygraduatedegrees・Itca11sforleadinglnStitutionsineachnation  
toparticIPate，aShasoccurredinnationalprq）eCtSinAustraliaandGermany・Atthatpolnt  
largenumbersofinterestlngWOrkswi11beavailable，OneVerytOPICalarea・Asthenumberof  
accessesincreases，therewi）lbeaddedincentivetoJOln．   
6．3GrowthandExpansion   
ThoughNDLTDhasgrownrapidly，ltStillhasconsiderableroomforimprovement．Better  
tooIs，bettertrainlngmaterials，mOreflexiblesoftware，mOreValuableservices－allwill  
PrOmOteSuChgrowth・StandardsandconlmOnWebpageswillpromoteinteroperabilityand  
lowerthecostperSite，aSWellasfilCilitatelongterminvoIvernent．  
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AsNDLTDgrows，SOmeChangeswilIbeneeded■Themetadatastandards，trainlngreSOurCeS，  
andfederatedsearchsystemsallneedimprovementtosupportmoremembersandmoreusers・  
TheemerglngCOmmitteestruCtureWillextendthereachoftheSteerlngCornmitteeto  
rnanageSuChgrowth・TheannualworkshopwillserveasavehiclefbrpromotlngSharing・  
OtherrneetlngSinconnectionwithinternationaldigitallibraryeffortswi1lsupportthisatthe  
globallevel・UltimatelywehopethatNDLTDwillbroadlysupportgraduateeducationand  
research，eXtendco‖aborationamonguniversities，andpreparethenextgenerationofscholars  
fortheInformationAge．   
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